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(54) FLOW CONTROL METHOD AND DEVICE AT FUEL CELL START 
(57)Abstract: 

PURPOSE: To perform preset load operation without 
increasing a fuel utilization factor at the time of a 
start, start a fuel cell, generate power, and heat it to 
the operating temperature in a short time by 
increasing the anode gas flow when the fuel 
utilization factor becomes too high. 
CONSTITUTION: A fuel utilization factor 11 during 
operation is calculated from the anode gas flow when 
a fuel cell 8 is started. If the utilization factor 11 is 
higher than the preset maximum fuel utilization factor 
10, the utilization factor 11 during operation is 
subtracted from the utilization factor 10 by a first 
subtracter 20, and a flow signal 12 to make the result 
positive is set by a first gas quantity setter 21 . An 

anode gas flow is controlled to approximate the subtraction result by a subtracter 24 to 
zero by a gas quantity controller 25 via a second gas quantity setter 22, a high-signal 
selector 23, and the second subtracter 24. The anode gas flow can be increased to reduce 
the utilization factor 11 to the utilization factor 10, a large quantity of the anode gas is fed, 
the cell output is increased, a large quantity of reaction heat is generated, and the fuel cell 
8 can be heated to the preset operating temperature in a short time. 
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* NOTICES * 

JPO and NCIPI are nob responsible £or any 
damages caused by tbe use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The control-of-flow approach at the time of fuel cell starting characterized by what an 
anode gas flow rate, an anode gas presentation, and the current of a fuel cell are measured, a fuel 
utilization rate is computed from said anode gas flow rate, an anode gas presentation, and the current 
of a fuel cell, an anode gas flow rate is increased when said fuel utilization rate is higher than the 
predetermined maximum fuel utilization rate, and said fuel utilization rate is lowered for to the 
maximum fuel utilization rate at the time of starting of a fuel cell. 

[Claim 2] The 1st subtractor which subtracts the fuel utilization rate signal under operation from the 
maximimi fuel utilization rate signal. The 1st capacity setter which sets up the flow rate signal for 
just carrying out it when the subtraction result by this 1st subtractor is negative. The 2nd capacity 
setter which sets up a required flow rate signal based on a load command. The high signal selector 
which compares the flow rate signal set up by said 1st capacity setter and 2nd capacity setter, and 
chooses the flow rate signal of the larger one, the subtraction result by the 2nd subtractor which 
subtracts the flow rate signal of the anode gas flow rate under operation from the flow rate signal by 
this high signal selector, and this 2nd subtractor — zero — ******** „ the flow rate control unit at 
the time of ftiel cell starting characterized by having the capacity controller which controls an anode 
gas flow rate like. 

[Claim 3] Said capacity controller is a flow rate control unit at the time of fuel cell starting according 
to claim 2 characterized by what is consisted of a flow control valve prepared in the anode gas line, 
and a controller which controls this flow control valve. 

[Claim 4] Said 1st capacity setter is a flow rate control unit at the time of fuel cell starting according 
to claim 2 characterized by what it has further for the minimimi setter which sets up a flow rate 
signal so that an anode gas flow rate may not become below a predetermined minimum. 
[Claim 5] Said 1st capacity setter and a capacity controller are a flow rate control unit at the time of 
fuel cell starting according to claim 2 characterized by the thing which performs proportional control 
and integral control, and which it is a PI control machine. 

[Claim 6] Said 2nd capacity setter is a flow rate control unit at the time of fuel cell starting according 
to claim 2 characterized by the thing which sets up a required flow rate signal with a predetermined 
function based on a load conmiand, and which it is a function controller. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppUcation] This invention relates to the control-of-flow approach of the anode gas at the 
time of starting of a fused carbonate fiiel cell, and equipment in more detail with respect to the 
control approach of a fuel cell power plant, and equipment. 
[0002] 

[Description of the Prior Art] That a fused carbonate fuel cell has little effect on efficient and an 
environment etc. has the description it is featureless to the conventional power plant, attention is 
attracted as a generation-of-electrical-energy system following hydraulic power, thermal power, and 
atomic energy, and researches and developments are wholeheartedly done in current every coiintry in 
the world. It is in the limelight as a system which can reduce the loss accompanying the conventional 
power transmission sharply, and can demonstrate 80% or more of thermal efficiency by distributing 
and installing the fuel cell of the melting carbonate mold equipped with especially tihe reforming 
machine in a building, an apartment, etc. of the city section, and performing a generation of electrical 
energy and an air conditioning by using town gas as a fuel. 

[0003] It has a reforming machine and a fuel cell, and this power plant reforms fuel gas to the anode 
gas containing hydrogen with a reforming vessel, it generates the electrical and electric equipment 
with a fuel cell firom this anode gas and the cathode gas containing oxygen, and manufactures warm 
water with that remaining heat. The main cell reactions within this fuel cell are H2+C03 2— >H2 
0+C02H-2e. An anode reaction and 1/2 02-fC02+2e ->C03 2- It is a cathode reaction and hydrogen 
(H2) is the reaction which changes to water (H2 O) as the whole. Therefore, exhaust gas of a fuel 
cell power plant is essentially clean, and there is very little effect on an environment. 
[0004] 

[Problem(s) to be Solved by the Invention] A fused carbonate fuel cell can make the hydrogen which 
is a fuel react 80% or more by the anode reaction mentioned above theoretically. However, practical, 
since diffusion of the gas within a fuel cell was not perfect, when it operated by the high fiiel 
utilization rate (for example, 80% or more), the active zone which runs short of fuels partially was 
made, and there was a trouble of damaging the electrode of a fuel cell fi-om this part. 
[0005] On the other hand, since a fuel cell power plant is distributed and installed in the city section, 
to make it start for a short time by the demand by the side of a load, and to generate electricity is 
demanded. For this reason, before the fuel cell had carried out the temperature up completely at the 
time of starting, the generation of electrical energy was started having covered the load, and the 
means to which the temperature up of the fuel cell is carried out to a predetermined operating 
temperature with the heat of reaction by generation of electrical energy was used fi-om the former 
after that. The flow rate control unit at the time of this conventional fuel cell starting For example, 
the capacity setter 3 which sets up the required flow rate signal 2 based on the load command 1 as 
shown in drawing 3 , The subtractor 5 which subtracts the flow rate signal 4 under operation fi-om 
the flow rate signal 2 set up by this capacity setter. It has the capacity controller 6 which controls an 
anode gas flow rate like, the subtraction result by this subtractor 5 — zero — ******** — The anode 
gas flow rate which flows fi'om a reforming machine (not shown) to a fuel cell 8 at the time of 
starting of a fuel cell was measured, and the flow control valve 9 was controlled to become the anode 
gas flow rate to which this anode gas flow rate was set by the capacity setter 3. 
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[0006] However, in this conventional control means, when the current was taken out having covered 
the load in the phase as for which cell temperature has carried out the temperature up, in spite of 
having not reached rated output, the fuel utilization rate became high too much, and there was a 
trouble that there was a possibility of damaging the electrode of about [ that predetermined load 
operation cannot be performed ] or a fuel cell. 

[0007] This invention is originated in order to solve this trouble. That is, the purpose of this 
invention can perform predetermined load.operation, without raising a fUel utilization rate at the time 
of starting of a fuel cell, and is to offer the control-of-flow approach at the time of fuel cell starting 
which can be started and generated in a short time, and equipment. Furthermore, the purpose of this 
invention is to offer the control-of-flow approach at the time of fuel cell starting which can carry out 
the temperature up of the fuel cell to a short time after starting to an operating temperature, and 
equipment. 
[0008] 

[Means for Solving the Problem] According to this invention, the control-of-flow approach at the 
time of fuel cell starting characterized by what an anode gas flow rate, an anode gas presentation, 
and the current of a fuel cell are measured, a fuel utilization rate is computed from said anode gas 
flow rate, an anode gas presentation, and the current of a fuel cell, an anode gas flow rate is 
increased and said fuel utilization rate is lowered for to the maximimi fiiel utilization rate at the time 
of starting of a fuel cell when said fuel utiUzation rate is higher than the predetermined maximum 
fuel utilization rate is offered. 

[0009] Furthermore, the 1st subtractor which subtracts the fuel utilization rate under operation from 
the maximum fuel utilization rate according to this invention. The 1st capacity setter which sets up 
the flow rate signal for just carrying out it when the subtraction result by this 1st subtractor is 
negative. The 2nd capacity setter which sets up a required flow rate signal based on a load command. 
The high signal selector which compares the flow rate signal set up by said 1st capacity setter and 
2nd capacity setter, and chooses the flow rate signal of the larger one, The 2nd subtractor which 
subtracts the flow rate signal of the anode gas flow rate under operation from the flow rate signal by 
this high signal selector, the subtraction result by this 2nd subtractor — zero the flow 

rate control xmit at the time of fuel cell starting characterized by having the capacity controller which 
controls an anode gas flow rate like is offered. 

[0010] According to the desirable example of this invention, said capacity controller consists of a 
flow control valve prepared in the anode gas line, and a controller which controls this flow control 
vedve. Moreover, said 1st capacity setter is further equipped with the minimxrai setter which sets up a 
flow rate signal so that an anode gas flow rate may not become below a predetermined minimum. 
Furthermore, said 1st capacity setter and a capacity controller are PI control machines which perform 
proportional control and integral control. Moreover, as for said 2nd capacity setter, it is good that it 
is the function controller which sets up a required flow rate signal with a predetermined function 
based on a load command. 
[0011] 

[Function] The cause by which a fuel utilization rate becomes high too much with the conventional 
starting means in spite of having not reached rated output at the time of starting Since the 
temperature of a fuel cell is low, if the electrical potential difference of a fuel cell is low and it is 
going to obtain a predetermined cell output **** with a low electrical potential difference — it is 
necessary to take out a large current (output = electrical-potential-difference x current), the above- 
mentioned anode reaction will be advanced to the right as a result, a lot of hydrogen was exhaxisted, 
and it turned out that it is because a fuel utilization rate becomes high. 

[0012] This invention lowers a fuel utilization rate by increasing an anode gas flow rate, without 
controlling an anode reaction, when a fuel utilization rate becomes high too much based on the 
starting new knowledge. According to this invention, at the time of starting of a fuel cell Namely, an 
anode gas flow rate. An anode gas presentation and the current of a fuel cell are measured. Said 
anode gas flow rate. By computing a fuel utilization rate from an anode gas presentation and the 
current of a fuel cell, increasing an anode gas flow rate, when said fuel utilization rate is higher than 
the predetermined maximimi fiiel utilization rate, and lowering said fuel utilization rate to the 
maximum fuel utilization rate a fuel cell — anode gas — extensive — supplying --**** with a low 
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electrical potential difference ~ it can make it possible to take out a large current, a cell output can 
be heightened and combined, and a fuel utilization rate can be lowered. Furthermore, according to 
the approach of this this invention, an anode reaction is performed positively, without lowering a 
fuel utilization rate, as a result, heat of reaction occurs so much by the anode reaction, and the 
temperature up of the fuel cell can be carried out in a short time to an operating temperature with this 
heat of reaction. 
[0013] 

[Example] The desirable example of this invention is explained with reference to a drawing below. 
Drawing 1 is drawing showing the starting performance of the fuel cell by the conventional control- 
of-flow approach. In this drawing, an axis of abscissa t is the elapsed time after starting (Hr), in T of 
an axis of ordinate, the temperature (degree C) of a fuel cell and V show the electrical potential 
difference (mmV) of a fuel cell (single eel), and Uf shows the fuel utilization rate (%). 
[0014] At the time of starting, the temperature T of a fuel cell is low, for example, it is about 600 
degrees C in 4 hours after starting, and amounts to about 700 degrees C of plan temperature in about 
8 hours after starting so that clearly from this drawing. Moreover, at the time of starting, the 
electrical potential difference V of a fuel cell is low, about 8 hours passed after starting too, and the 
fixed value (about 830mV) is reached. The thing with a low electrical potential difference is because 
temperature is low at the time of starting, therefore — if it is going to obtain a cell output 
predetermined in this phase — **** with a low electrical potential difference — it is necessary to take 
out a large current (output = electrical-potential-difference x current), the anode reaction mentioned 
above as a result will be advanced to the right, a lot of hydrogen is exhausted, and a fuel utilization 
rate becomes high. In drawing ! , the fuel utilization rate Uf at the time of starting is high, and is 
considered that especially becoming 80% or more in early stages is based on this cause. 
[0015] Drawing 2 is the whole block diagram showing the flow rate control unit at the time of fuel 
cell starting of this invention based on the starting new knowledge. In drawing 2 the flow rate control 
unit at the time of fuel cell starting of this invention The 1st subtracter 20 which subtracts the fuel 
utilization rate 1 1 under operation from the maximum fuel utilization rate 10, The 1st capacity setter 
21 which sets up the flow rate signal 12 for just carrying out it when the subtraction result by this 1st 
subtracter 20 is negative. The 2nd capacity setter 22 which sets up the required flow rate signal 14 
based on the load command 13, The high signal selector 23 which compares the flow rate signals 12 
and 14 set up by the 1st capacity setter 21 and the 2nd capacity setter 22, and chooses the flow rate 
signal (the time of starting 12) of the larger one, the subtraction result by the 2nd subtracter 24 which 
subtracts the flow rate signal 16 of the anode gas flow rate under operation from the flow rate signal 
15 by this high signal selector 23, and this 2nd subtracter 24 ~ zero — ******** — it has the capacity 
controller 25 which controls an anode gas flow rate like. The maximum fuel utilization rate 10 is set 
up by the maximum utilization factor setter 26. Moreover, the load command 13 is separately set up 
by the control imit (not shewn) of the whole fuel cell power plant. In addition, the signal between 
each control equipment mentioned above is an electrical signal. 

[0016] The capacity controller 25 consists of a flow control valve 27 prepared in the anode gas line 
17, and a controller 28 which controls this flow control valve 27, As for this flow control valve 27, it 
is desirable that it is a pneumatics control valve. Thereby, the flow control valve 27 of a large flow 
rate is easily controllable. The 1st capacity setter 21 is farther equipped with minimimi setter 21a so 
that the flow rate signal 12 set up may not become below a predetermined minimum. This minimum 
setter 21a feeds back the flow rate signal 15 by the high signal selector 23 through bias set station 
21b, and sets up the minimum of the flow rate signal 12 slightly lower than the flow rate signal 15. It 
can prevent an anode gas flow rate's becoming low too much, and a fuel utilization rate becoming 
high imusually by this, 

[0017] As for the 1st capacity setter 21 and the capacity controller 25, it is good that it is the PI 
control machine which performs proportional control (P-action) and integral control (integral action). 
By this, as long as there is deflection, a control input is changed, and it is stabilized in the place 
whose deflection was lost, and a controlled variable can always be maintained near the target. As for 
the 2nd capacity setter 22, it is good that it is the function controller which sets up a required flow 
rate signal with a predetermined function (F (X)) based on a load command. Thereby, it is F (X) 
beforehand about a function pecuUar to a fuel cell. By setting up by carrying out, the required flow 
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rate signal 14 can be set up correctly. 

[0018] According to the control-of-£low approach at the time of fuel cell starting of this invention, 
the control unit of the above-mentioned configuration operates as follows. First, the anode gas flow 
rate at the time of starting of a fuel cell, an anode gas presentation, and the current of a fuel cell are 
measured. This measurement is conventionally measurable using a well-known flowmeter, a 
concentration meter, and an ammeter. Subsequently, the fuel utilization rate 1 1 under operation is 
computed fi'om the measured anode gas flow rate, an anode gas presentation, and the current of a 
fuel cell. When this fuel utilization rate 1 1 is higher than the predetermined maximum fuel utilization 
rate 10, the fuel utilization rate 1 1 under operation is subtracted from the maximum fuel utilization 
rate 10 with the 1st subtractor 20. The flow rate signal 12 for just carrying out this subtraction result 
(it becoming negative at the time of starting) is set up by the 1 st capacity setter 21 . Beised on the load 
command 13, the required flow rate signal 14 is set up by the 2nd capacity setter 22. The high signal 
selector 23 compares the flow rate signals 12 and 14, and the flow rate signal (12) of the larger one is 
chosen. The flow rate signal 16 of the anode gas flow rate under operation is subtracted from the 
flow rate signal 15 by the high signal selector 23 with the 2nd subtractor 24. the subtraction result 
according to the 2nd subtractor 24 by the capacity controller 25 — zero — ******** — by controlling 
an anode gas flow rate like, the actual anode gas flow rate which flows the anode gas line 17 is 
increased, and a fuel utilization rate 1 1 is lowered to the maximum fuel utilization rate 10. thereby — 
a fuel cell — anode gas ~ extensive — supplying — **** with a low electrical potential difference — it 
can become possible to take out a large current, it can heighten and combine a cell output as a result, 
and can lower a fuel utilization rate. Moreover, as a result of performing an anode reaction 
positively, without lowering a fuel utilization rate, heat of reaction occiu^ so much by the anode 
reaction, and the temperature up of the fuel cell can be carried out in a short time to a predetermined 
operating temperature with this heat of reaction. 
[0019] 

[Effect of the Invention] Therefore, according to the approach and equipment of this invention, 
predetermined load operation can be performed, without raising a fuel utilization rate at the time of 
starting of a fuel cell, and it can start and generate electricity in a short time, and the temperature up 
of the fuel cell can be collectively carried out to a short time after starting to an operating 
temperature. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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(54) FLOW CONTROL METHOD AND DEVICE AT FUEL CELL START 
(57)Abstract: 

PURPOSE: To perform preset load operation without 
increasing a fuel utilization factor at the time of a start, 
start a fuel cell, generate power, and heat it to the 
operating temperature in a short time by increasing the 
anode gas flow when the fuel utilization factor becomes 
too high. 

CONSTITUTION: A fuel utilization factor 1 1 during 
operation is calculated from the anode gas flow when a 
fuel cell 8 is started. If the utilization factor 1 1 is higher 
than the preset maximum fuel utilization factor 10. the 
utilization factor 1 1 during operation is subtracted from 
the utilization factor 10 by a first subtracter 20, and a 
flow signal 12 to make the result positive is set by a first 
gas quantity setter 21. An anode gas flow is controlled 
to approximate the subtraction result by a subtracter 24 
to zero by a gas quantity controller 25 via a second gas 
quantity setter 22. a high-signal selector 23, and the 
second subtracter 24. The anode gas flow can be 
increased to reduce the utilization factor 1 1 to the 

utilization factor 10. a large quantity of the anode gas is fed, the cell output is increased, a large 
quantity of reaction heat is generated, and the fuel cell 8 can be heated to the preset operating 
temperature in a short time. 
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nmmmtm<tjiK)'M^^m'&iz\t. T/-\^^7.m.m 
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J:n«, mmm&<o&wimz. yy-i^axmrn, tj 

TBfffB«sisff ijffl * ^m.-xmrnm^^-Q'T^i^ c t ct 

oT, )^^8t«?&tr7y-H;^fX^:*:Stc«i^LT«IE;5t 
W-l*-T«!fffiJffl^^Ttf-5^<>:*«-C#-5. M 

^^<&nmzw&&m.-^-T*^^t^ z td^T^-s. 

[0 0 13] 

itmw]mi<Dmmmm (Hr) jat6oT««E!^^ 
m(Dum (*c) , vt±Mi|sf«?i6 (m±.M (oms. (mm 
V) , vfimmmm (%) ^s^brv^-s. 

[0 0 14] ::(750*^t.5gbA^;^cCj;5fr, mmmz\im 
nm^<^um.T-Am<. mA.ii&mmi4mm-c¥3 6 o o 

y-HSii£:$:&lC)iai>^:ii:ir;^cO, ±m<D7nm^mn 

V. mnmmmi)^m<tt^, mnz:^\f^Ti&mm<Dmn 
[0 0 15] ia2n. A^i}^^igim<DmRiz&zs<^mm 

i«rM»-rsmi«M#sg2 ot. C:»miM^i§2 0 
izj:?>mMi^^f)^M.<Dm'^iz^n^mizT^ftt(><DmB. 
ism2 sia^r i <D;yxMis:ti§ 2 1 1 , 
^ 1 3 ^zs•::^^!$s^sf£mmm^ 1 4 ^^;^-r ^11 2 (d:» 

X«^3£S2 2t. ^l:^7.«K«S2 1 tm2;«X* 

2 2 fc: J: 0 wt^^tiftmmm^ 12,14 *ittj 

LT;*c#Vi:5(Ddg»fi^ (ei!jB$t'(3:i 2) $S*?T-5 
i««^a«?S2 St, ^(DiSif§^S*?i§2 3tCJ;.5dg« 

m#i 5A^iE>mm'p<Dyy-\i:»7.mm(Dmmmm e 

*«»-r«^2W«#|g2 4t, e:»^2«^g2 4»3 

J; -5 ^ ^ 13 ig-r tt ^ J: ^ T y - K ;^ X oit a 
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it, fti^js^ 1 3 \tmn^mm^m^±»<Dmmmm 

[0 0 1 6] ;^fxa$ijffllg2 5«. Ty-h'^X^-f^ 

1 7{cia:tte.n^aEsaBB5i#2 ?<«:. v:©aE«ai©#2 

^C)TI5gi9:3£ig2 1 a«ii5«-^3IJ?gg2 3f3ct 

HA->y i7 1 5 j^Qio-rMzmmmm^ i 

[ 0 0 1 7 ] m 1 2 1 RDt;^;x»$!lffllS 2 

2 ^7.mmMm 2 2 A^Jg^frt-So'^Rlf^cDH©: 
*F(X) tLT^^T-5c:<i:t3j;0. iJf-SJicSgaW^l 

[0018] ^^m(r>immmmwin(Dm,mum^m\z 

S, 5fe-r, ^i^«)1fecoe!!iB#cDTy-H;^;xgitM. 7/ 30 

^(Di/mmmmi i s:ffmu, ^(ommmmmi nt^m 
0 \z^r)m±m.mm^ i o*^ba^ti'®jifmijffl* i 

{ct-S^c4e)CDdS««-^ 1 2 S-^ 1 2 i J: 

0 ISljeU, ^2 U:^mWL'^^ 2 2 J; 0 ft??f*&^ 1 3 40 

m-^^^^wtmrnrnm A^m.'&h, fi5ffi^gs?g§2 3 

tciOoKSffl^l 2, 1 4^itiJLT:^^ti;)&cDdit«fi 
^ (12) ^m^h, ^2©M»S2 4tCcfcDiS5«^S 

oitsoditam^i 6 ^^ffb. -fixmum^z s\z^ri 

® 2 JgJSig 2 4 tl J; SM»«§*^«fCifirttS ct ^ 7 

mmm^ 1 1 *«:*cM<effiiffl^ i o * TTtf -s. 
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tii^x^^. X, Ty-i^RfBimmmm^Tii-fiz 

CO 0 1 9] 

^(DM^mm^no^iii-A^x^, fj^-Dmnmizmmi^m 

m 1 ] fi£5lE©tS£ft«|i:3&fttCiS«S!Pf««!irojei!)1*tt 

^mTmX'&^o 
1 

2 oSMfl-^ 
3 

4 ias«^ 

5 M£Eg§ 

6 ;yxa*JPg 

7 eJcMii 

8 jli^l^m 

9 atapSii# 

I 0 m±mmmm 

I I miSi'¥<Dmummm 

1 2 Si£S«^ 

1 3 M^m^ 
14.15 mmm^ 

16 mm'i'(D7y-\i:»7.mA<Dm&m^ 

17 7 J-)^iiX'7-i> 

2 0 SliE»S 

2 1 ^1 ;«?xais:)ts 
2 1a TlS^itS 
2 1b AWTX^Jtlg 

2 2 ^2;y;?,ag;ggg 

2 3 

2 4 ^2imm 

2 5 ■^T.mumm 

2 6 *;*;fijffl^i$;£g 
2 7 figaiSfiJ^p 
2 8 
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